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SUMMARY Diurnal variation and reproducibility of abnormalities occurring during predischarge postinfarction treadmill exercise testing were investigated in 41 patients. Each patient was exercised using a limited Naughton protocol before 0800 and after 1800 h on two consecutive days. No complications arose. Individual ischaemic abnormalities were poorly reproducible in any patient. No abnormality and no patient showed significant diurnal variation. When the presence of any one of three ischaemic abnormalities (ST segment depression or elevation and angina) was analysed the reproducibility of an ischaemic result in the two morning and the two evening tests was 72% and 95% respectively with no significant difference between the two. The reproducibility of an ischaemic result in all four tests was 66%. The reproducibility of the test for either the presence or absence of an ischaemic result was 71%. No training effect could be shown either for the group as a whole or for any individual patient. There were no appreciable differences in either the heart rates or systolic blood pressures during exercise among those patients with non-reproducible ischaemic test results.
Thus it is concluded that an assessment of any one of three ischaemic abnormalities improves the reproducibility of the result of submaximal exercise testing after infarction. Mechanisms other than increased myocardial oxygen consumption related to increased heart rate and systolic blood pressure at submaximal exercise tolerance are needed to explain non-reproducible ischaemic test results.
The result of predischarge submaximal exercise testing after infarction is being used increasingly' in an attempt to identify patients at high risk from subsequent cardiac events and also to select patients for coronary angiography. of the R wave amplitude in the same lead.9 10 The electrocardiographic criteria for subendocardial myocardial infarction consisted of ST segment depression or T wave inversion persisting for at least 24 300 hours without the development of pathological Q waves." Thus the sites of infarction were anterior in 18 (43%) patients, inferior in 10 (24%), and posterior in two (5%), and 11 patients (26%) had a subendocardial infarction. Patients were excluded from the study if they had the following complications: left ventricular failure clinically or radiographically, hypertension (blood pressure > 165/100 mm Hg), and continuing angina or musculoskeletal abnormalities precluding exercise testing. The purpose of the study was explained to the patients, who all agreed to participate. No patient was taking cardiovascular medications at the time of the tests.
EXERCISE TESTING
Each patient was exercised before 0800 and after. 1800 h (before meals) on two consecutive days between six and 14 days (mean 8) after myocardial infarction. All the tests were performed by the same doctor (CEH). A limited Naughton protocol was followed (Table) . A Marquette series 2500 motor driven computerised treadmill was used which was connected to a Mac 1 microcomputer augmented cardiograph and Marquette series 6500 exercise module oscilloscope (Marquette Electronics Inc), which displayed a continuous three channel rhythm strip (leads II, VI, V5) throughout the test. A 12 lead electrocardiogram, heart rate, and blood pressure (cuff sphygmomanometer) were recorded at rest, at the end of each stage of the protocol, at the end of exercise and with the patient sitting, at one minute intervals for five minutes during the recovery period or until the electrocardiogram had returned to the resting appearance. All patients performed the four tests without omplications. Handler, Sowton DATA ANALYSIS Exercise induced abnormalities analysed were: (a) ST segment depression and elevation defined as significant if there was shift on three successive beats of 1 mm or more for 0-08 s after the J point from either the isoelectric ST segment or from the resting level of an ST segment abnormality in any lead, (b) an inadequate blood pressure response, (c) limited exercise duration owing to the attainment of :70% of the age predicted maximum heart rate, and (d) ventricular arrhythmias.
The reproducibility of the test for ischaemic abnormalities was assessed by comparing the two morning and the two evening tests separately. Diurnal variation was analysed by comparing the two pairs of morning and evening tests.
STATISTICS
The Yates's corrected x2 test was used for statistical analysis.
Results

EXERCISE INDUCED ABNORMALITIES
None of the exercise induced abnormalities showed significant diurnal variation. There was no significant difference in the reproducibility of any exercise induced abnormality between the two morning and the two evening tests for either the whole group or for any individual patient.
ST segment depression-Fourteen (34%) patients had exercise induced ST segment depression, and this was reproducible in all four tests in eight (57%) patients. Five of the six patients with nonreproducible ST depression had this abnormality on one test only (Figure) . Five 
REPRODUCIBILITY OF EXERCISE TESTS
For ischaemic abnormalities The two morning and the two evening tests were analysed separately for reproducibility of ischaemic abnormalities (ST depression, ST elevation, angina). Reproducibility of a test was defined as the presence of one or more of these features in both tests. Of the 26 (63%) patients who had an ischaemic test, 25 (96%) and 22 (86%) had positive tests for reversible myocardial ischaemia in the morning and evening respectively. Of these two groups of patients, 18 of the 25 (72%) and 21 of the 22 (95%) had reproducible test results. There was no significant difference between the two morning and the two evening tests regarding the reproducibility of ischaemic abnormalities.
Of the 26 patients with at least one exercise induced ischaemic abnormality present in any one of their four tests, 17 (66%) had four reproducible test results for ischaemia.
For the presence or absence of ischaemic abnormalities Twenty nine of the 41 (71%) patients had totally reproducible test results for either the presence or absence of an ischaemic abnormality.
EFFECT OF REPEATED SUBMAXIMAL EXERCISE TESTING ON HAEMODYNAMIC INDICES
In the whole group of patients the mean (SD) resting heart rates for the first and fourth exercise tests were 80-2 (16-7) and 82-7 (19-0) beats/min respectively. The mean values at end exercise were 1 19 6 (18-2) and 117-6 (18-9) beats/min respectively, there being no significant difference between the two pairs of values. Similarly, the mean systolic blood pressures at rest were 114-2 (22-6) and 115-0 (15-8) mm Hg and at end exercise were 148-7 (24 5) and 144.9 (21-1) mmg Hg, with again no significant difference between the two pairs of values. There were also no significant differences in either end exercise heart rates or systolic blood pressure in the four tests for those patients with non-reproducible exercise induced ischaemic abnormalities.
Discussion
Several studies have shown that various abnormalities resulting from a predischarge submaximal exercise test after myocardial infarction can stratify patients into high and low risk groups. [12] [13] [14] The rationale for doing the test before hospital discharge is that most of the 10-15% of the patients who die in the following year do so in the first six weeks'5 and so their early identification is necessary if appropriate secondary interventions are to be implemented. 16 17 A predischarge submaximal exercise test is well known to be a safe procedure if the patients are care-301 302 fully selected and the test supervised by experienced medical staff with full resuscitative facilities available. 18 The patients in this study were consecutive patients who had had uncomplicated infarcts, and no complications arose from the exercise tests. An end point of five metabolic equivalents was chosen since it approximates to the level of physical activity that such patients are expected to be able to achieve before they leave hospital, although higher workloads have been used safely in symptom limited predischarge tests after infarction. '9 Exercise induced angina and ST segment depression are well accepted subjective and objective markers of reversible myocardial ischaemia. In patients with previous infarction ST segment elevation occurring during exercise has been found to be similarly associated,2" having previously been postulated as merely reflecting localised left ventricular wall dyskinesia.2' We therefore included ST segment elevation as one of three features of exercise induced reversible myocardial ischaemia.
Diurnal variation in haemodynamic responses and ST segment displacement during maximal exercise in patients with chronic stable angina has recently been shown by Joy and colleagues.8 They suggested that this circadian variation was a consequence of variable vagal parasympathetic tone to the heart. Similarly, studies by Yasue et al in patients with variant angina have shown diurnal variation in both exercise tolerance and coronary artery tone.2
In the present study no exercise induced abnormality showed diurnal variation, and no individual patient showed diurnal variation in subjective or objective features of reversible myocardial ischaemia. Our study differed in two major respects from that reported by Joy et al. 8 Not only did their patients have chronic stable angina without previous myocardial infarction, but they also used maximal exercise testing.
Our study showed that the reproducibility of individual exercise induced abnormalities considered to be of prognostic value was limited. Starling and coworkers compared the reproducibility of abnormalities resulting from symptom limited treadmill exercise testing performed before discharge and six weeks after myocardial infarction.' 9 They found that ST segment depression was highly reproducible but that angina, ST segment elevation, an inadequate blood pressure response, and ventricular arrhythmias were poorly reproducible. None of our patients was taking cardiovascular drugs at the time of the tests, but 500/o of those studied by Starling et al were. Their patients also had their drug treatment changed between the two tests. They had previously reported23 that treatment with digitalis and beta blocking drugs Handler, Sowton did not affect the prognostic value of ST segment depression. Because digitalis is well known to affect the ST segment, and beta blockers may blunt haemodynamic responses and mask ischaemic abnormalitiesl8 it is perhaps surprising that they concluded from their more recent study that the cardiovascular drugs they used did not affect their exercise test results and thus the reproducibility of induced abnormalities.
It is well established that haemodynamic responses alter after repeated maximal exercise in patients both with24 and without25 ischaemic heart disease. Burkart et al studied predominantly normal subjects and showed an alteration of haemodynamic indicesincluding aortic pressure and heart rate-after repeated testing,25 but we could not duplicate this finding. There are several possible reasons for this. Whereas we were exercising recently infarcted hearts to submaximal end points with our tests separated by at least 10 hours, Burkart and colleagues used maximal cycle ergometric exercise, and retested their patients after a 30 minute interval. The results of our own study indicate that repeated submaximal exercise testing after infarction at the intervals used does not give rise to a training effect.
We also found that non-reproducible ST segment depression could not be explained either by differing heart rates-the most reliable and consistent indirect determinant of myocardial oxygen consumption26 27 or by differing systolic blood pressures at end exercise. Thus mechanisms other than increased myocardial oxygen consumption related to heart rate and systolic blood pressure changes are needed to explain non-reproducible objective features of reversible myocardial ischaemia.
That we could not show any diurnal variation in exercise induced abnormalities in this group of patients implies that the test result will not be influenced appreciably if patients are tested either in the morning or evening. In addition, the reproducibility of an ischaemic result was improved by considering three ischaemic abnormalities, and thus the confidence in deciding future clinical management for survivors of recent infarction is accordingly strengthened.
